Two generalizations of Sugawara models are discussed. En the first, new interactions are introduced by altering the current commutators but retaining the "free" form of T"",as exemplified by a simple effective x -2y interaction, which is compared with the standard triangle-diagram results. The second permits nonquadratic T"", which retain the "algebra" part of the current commutators; these models avoid the DashenFrishman parity degeneracy.
I. INTRODUCTION HE dynamical theory of currents, as originally proposed by Sugawara' and Sommerfield, ' is speciGed entirely by a stress tensor T", and equal-time commutation relations among the "currents" from which T"" is formed. Considerable work' ' has been done on the formal structure of particular models in v hich T""is quadratic in currents v hose commutators are those of the algebra of fields (we refer to this as the Sugawara theory ). In this paper, we discuss two generalizations of the theory. In Sec. II, we introduce interactions within the framework of an apparently free, quadratic T""by altering the equal-time current conimutation relations. In particular, we display a model whose T""is the sum of Sugawara's and Maxwell 's, such that BI'A"= (n/2m)F""F"", where A" is the neutral axialvector current. We shall compare this simple model of an effective x'-2y coupling with recent detailed analyses7 ' of the process in terms of intermediate fermion loops, " since the latter also effectively alter the commutation relations of the original Geld theory.
In Sec. III, we deal with TI"" that are not quadratic in the currents, but retain SU"XSU" invariance and have the Sugawara model as a limiting case. The techniques of both the Lagrangian formulation4" and the Yang-Mills limiting process' apply as in the original model. The current commutators differ from those of the algebra of fields in their "nonalgebra" parts, namely, in the space-time Schwinger terms and spacespace commutators. Such models will be shown to avoid the difficulty recently pointed out by Dashen and *Research supported in part by the U. S. Air Force, OAR, t National Science Foundation Predoctoral Fellow. ' H. Sugawara, Phys. Rev. 170, 1659 (1968 .
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Frishman, " from which the Sugawara theory suffers:
There SU XSU"symmetry entails a 6'+.X(P symmetry under the product of two independent Poincare groups and, correspondingly, a parity doubling of particle states. In the generalized models, we will see that the internal symmetry no longer implies Poincare degeneracy.
II. INTERACTIONS VIA CURRENT

COMMUTATORS
Consider the Lagrangian" B"QB"Q 4F""F""-(n/2n )$F'-""F F"": -8"8, "-8"0, ", Jf pv -y~o pP -pva pg g p& where p is a neutral pseudoscalar field, and 0', " is the vector potential. '4 Our metric g". is ( -+++), and we adopt the convention c'"'= 1. The coupling constant is of course an arbitrary parameter in our approach (which is not based on a fundamental minimal electromagnetic coupling) and has been written as n/27r to yield the usual perturbation-theory result. The nonminimal term @BI' in Eq. (1) is metric-independent and hence does not contribute to T",: %hen the action is written in generally covariant form, the stress tensor is simply the response to a change in the metric T""= 28I/bg", .
Since pF'&"Il ""=-, 'peI"" pI" pF", is already a scalar density (e&"'& is a metric-independent tensor density), it will not contribute, and one obtains the form T"=~/~A 2~"~A~'4+F-:F: kn"F"F. p, - (3) which does not involve the interaction. The Geld equations are Uy = (a/2 )Fs~"F""8, T'"= T..(A)+ T: (F) =A"A"',rI"-"A,A-'+F", F"pig""F -&F". (7) Since the field equations are simply the Heisenberg equations~. 
Only Eq. (9c) differs from the corresponding commutators of the sum of two free Sugawara models (we refer to free electrodynamics as a Sugawara theory). In fact, the above is a special case of Sommerfield's'
general analysis of models of Abelian currents with quadratic T",. Thus we have here a simple model for an effective massless pion -2y interaction, introduced through the anomalous commutators.
Let us note an interesting feature of the field equations (6). The now nonconserved axial current may be replaced by another, conserved, quantity: FI'"F"" =28" (F""8. ) implies that the B"A& equation may be rewritten as 8"(Ao -(a/or)Fo" e"]=0,
In the detailed treatment of the x -2y interaction in terms of intermediate fermion triangles, " the same quantity is also conserved and commutes with F"", but there generates a chiral transformation on the fermion fields (which leaves the fermion axial-vector current invariant). Note also that there is a nontrivial conserved electric current j&= -(e/2 'p) AP'&" even though A" is neutral.
In view of the simplicity of this~' decay model, which has replaced the intermediate fermion loop by an efI'ective contact interaction Lso that the B"A"=(n/27r)FI'"F".
condition is automatically valid to all orders], it is interesting that the two Inodels have a number of detailed features in common. In particular, Adler and Boulware have emphasized that certain anomalous commutators are characteristic of the singular nature of the process. We now show that similar commutators appear in the present model, which provides a simple canonical analog to theirs. In order to avoid a special gauge, we transcribe their relations in terms of F""(or, equivalently, in terms of F;= Fo' and B, =to*) -rather than Q, "and 808". There are two sets of anomalous relations, one of which is exact to all orders" of n, "a The treatment of higher orders involves certain formal properties of three-point functions; this may be a delicate point.
See R. Jackiw, CERN Report (unpublished) . 
where p'" is a neutral axial-vector field. Defining an axial vector current by [j;(x),AO(y)) = (ie/47r') c"'E, (x) B"gb(x y)-
The first set, Eq. (14a), is identical with Eqs. (9) 
whereas we have an additional tenTi:
The latter may be traced to our explicitly nonminirnal Note that j; depends explicitly on K, so that the usual assumption'~that [j,,8,) vanishes no longer holds here.
Differences then arise between the two models in some commutators involving j". For example, the Jacobi identity for E, jp, and Ap is satished in our theory but not in theirs, even though their calculation uses only model-(i.e. , 5"-) independent commutators, which are good to all orders "' We also . find that [j;,j"] possess operator Schwinger terms and that all the Jacobi identities we have calculated, including (F"", j.,A,), (jv, 
whose divergence is seen to be consistent only when B"A3"-8"A 3"=0, (20) i.e. , only in the Abelian case. Alternatively, the coupling AI"J'&"8, " is no longer gauge-invariant in the nonAbelian case. Thus a more complicated coupling would seem to be required; one example is given in the Appendix.
III. NONQUADRATIC T""
As Dashen and Frishman" have shown, the energymomentum tensor in Sugawara's theory, " denoted by TsT v. =~a'(4. v4 .+4' ave'a. ) krjvv(laika +vs axe a )~ (21) where the p "and p' "are n' -1 vector and axial-vector fields, respectively, can be written as the sum of tv o separately conserved, commuting tensors that a,re interchanged by parity, Te""=T+"v+T ". , 8"T+ =0 FT+ P '=T~"". (22) The resulting symmetry group 6'+)&(P implies that the states of the theory come in pairs, degenerate in mass but with opposite parity and charge-conjugation properties. It has been suggested that there exists no theory of currents that is SU3XSU3-invariant but not "Equation (21) is written here in terms of fields, which (in Sugawara's theory) are proportional to the currents V and A: @ag=ggtnp Vay and 4'o&= gpmp 'Ars&. the limit no~0 yields Eqs. (6), (7), and (9). Incidentally, the interaction vs '"F""8, " in (16) SU2XSU~would then seem to be furnished by a limit of the massive SU&XSU2 Yang-Mills theory, together with an interaction term A3"FI""O', However, one of the field equations in this case is (omitting the normal minimal electromagnetic interaction) canonical (6-function) part can be read off easily: (P+X(P -invariant. We shall see that this problem disappears in nonquadratic T""models.
It is convenient to take a limiting form of a massive Yang-Mills type of Lagrangian. Our first model, with a quartic T"", is a limit of the Lagrangian 
We dehne the vector and axial-vector currents to be V and A, noting that when y = 0, this reduces to the procedure used in the algebra of fields, where gp 'mp'p& and gp 'nsp'p'& are postulated to be the physical currents.
The commutation relations of V and 2 will be seen to have the correct "algebra" terms. The expression giving V' and AP as functions of canonical variables does not contain y, so that V' and 3' automatically obey the same commutation relations as in the algebra of fields (y=0). Calculation The conserved currents corresponding to these transformations are, using (25),
Since 8+&" are 8g'&" are divergenceless, one can also form the conserved "currents"
The last term in each of these commutators is a nonterminating power series in y and is not evaluated here, but all terms clearly have the singularity structure (32) so that T"" is a simple (quartic) function of the fields.
Using this form, the Schwinger condition i[T"(~),T"(y))= I T"(~)+T"(y))~**g(x-y) (33) has been explicitly checked to order y, and can be shown to hold to all orders from general arguments. " Solving Eq. (29) 
with the field equations V u=-0, 8&A'"=0,
as desired. In fact, the conclusions following Eq. (30) also apply to this theory, as does the conclusion that the 6'+X (P degeneracy is lifted.
Note that an expansion for small p yields the Lagrangian of the algebra of fields when only the first term is kept, 
